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PROBE FOR DETERMINING THE OXYGEN CONCENTRATION IN A GAS MIXTURE \ 



Th^ invention relates to a probe for determining an oxygen concentration in a gas mixture, in 
particular in the exhaust gas of internal combustion engines having the features set forth in 
the preamble of Claim 1 . 

BaLkuiuuiid Inlui million- : 

Pr^viouciy ProPoSeA probes 
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determine the oxygen concentration in the exhaust gas of internal combustion engines and are 
used to influence the setting of the fuel/air mixture during operation of the engine. The 
fuel/air mixture may be in the rich range, i.e., there is an excess of fuel in stoichiometric 
terms, so that only a small quantity of oxygen relative to other partly unburned components is 
present in the exhaust gas. In the lean range, in which there is a greater quantity of oxygen 
relative to the air in the fuel/air mixture, the oxygen concentration in the exhaust gas is 
correspondingly high. If the fuel/air mixture is of stoichiometric composition, both the 
amount of fuel and the amount of oxygen in the exhaust gas are reduced. 

Lambda sensors which detect a lambda value > 1 in the lean range, a lambda value < 1 in the 
rich range, and a lambda value = 1 in the stoichiometric range and which are used to 
determine the oxygen concentration in exhaust gas are known. In this case, the lambda sensor 
supplies a detection voltage in a known manner, which is conveyed to a circuit arrangement. 
In known probes, with the help of the circuit arrangement the detection voltage is converted 
into a pump voltage for a pump cell, which is also a component of the probe and is exposed 
to the exhaust gas. The pump cell, in which oxygen ions are pumped from an inner pump 
electrode to an outer pump electrode or vice versa based on the oxygen concentration present. 
Depending on whether the lambda sensor detects a rich range, i.e., a lambda value < 1, or a 
lean range, i.e., a lambda value > 1, the circuit arrangement determines whether the outer 
pump electrode, which is connected to an active input of the circuit arrangement, is connected 
as a cathode or as an anode. The inner pump electrode of the pump cell is connected to 
ground, so that at the pump cell an anodic limit current flows in the case of rich measured gas 
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or a cathodic limit current flows in the case of a lean measured gas. In the case of 
stoichiometric operation, i.e., if the lambda value = 1, the pump voltage is close to 0, so that 
no limit current flows. 

The detection voltage of the probe is determined via a Nernst measuring cell, which 
determines the difference between the oxygen concentration at a Nernst electrode and that at 
a reference electrode. The reference electrode is connected to a constant current source, while 
the Nemst electrode is connected to ground. As a result, the detection voltage is based 
correspondingly on the difference between the respective oxygen concentrations. 

Because the Nernst electrode and the inner pump electrode of the probe are connected to 
ground, it is known that they can be connected to the circuit arrangement via a joint supply 
conductor. In this case, the electrodes are initially contacted inside the probe to separate 
printed conductors, which then come together inside the probe at a contact point to form the 
joint supply conductor. 

By detecting the pump current of the pump cell required to maintain X = 1 in a measuring 
space (hollow space) of the probe, it is possible to determine whether the fuel/air mixture 
used to operate the internal combustion engine is a rich or a lean mixture. If there is a change- 
over from a rich range to a lean range or vice versa, the pump current drops or increases, 
respectively. If the engine is being operated in the stoichiometric range, i.e., with a lambda 
value = 1, the pump current has a jump point that marks the transition from the lean range to 
the rich range and vice versa, respectively. 

probes, it is disadvantageous^fcKat because the supply conductor of the Nernst 
and the inner pump electee is shared, at least in some sections, their joint supply 
conductor resistor, which is not^only part of the Nernst voltage circuit of the Nernst 
measuring cell but also paptof the pump voltage circuit of the pump cell, causes coupling, 
which has an impact oj*Tambda = 1 ripple. This minimizes the counterswings and overswings 
in voltage that may/occur in the event of a jump response in response to a transition from the 
rich range to theiean range. 
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A4vtm l agcs u f tfi u PivsemTTivehll on 
By contrast, the probe according to the present invention having the features - oct forth ij> 
etedm Hias the advantage that negative feedback of the pump voltage circuit and the Nernst 
voltage circuit is optimized. Because a joint supply conductor resistor of the Nernst electrode 
and of the inner pump electrode is formed by a loaded voltage divider whose individual 
resistors are arranged so that negative feedback of a Nernst voltage circuit and of a pump 
voltage circuit is increased, the lambda = 1 ripple can be reduced. The individual resistors are 
arranged so that when the detection voltage of the Nernst measuring cell transitions from the 
lean range to the rich range or vice versa, this produces a result via the jump point that 
triggers an anodic or cathodic limit current, respectively, via the pump cell, so that negative 
feedback via the joint supply conductor section of the Nernst measuring cell and the pump 
cell can be achieved. 

According to a preferred embodiment of the present invention, an additional external resistor 
is connected in series to the joint supply conductor section of the Nernst measuring cell and 
the pump cell. Thanks to this additional external resistor, the total resistance of the joint 
supply conductor section is increased, so that at the constant current at which the Nernst 
measuring cell is operated the detection voltage is greater, so that the influence of negative 
feedback is increased by the cathodic or alternatively anodic limit current, which also flows 
through the additional resistor. 

According to a further preferred embodiment of the present invention, a cross section of the 
joint supply conductor section is reduced. Reducing the cross section is another way to 
increase the resistance value of the joint supply conductor section, so that this is also a 
straightforward way of increasing negative feedback between the Nernst voltage circuit and 
the pump voltage circuit. 

According to a further preferred embodiment of the present invention, the contact point where 
the printed conductor of the inner pump electrode meets the printed conductor of the Nernst 
electrode is moved spatially as close as possible to the electrodes, so that the length of the 
joint supply conductor section increases, so that the resistance of this joint supply conductor 
section is also increased by a defined amount. 
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Further preferred embodiments of the present invention are based on the other features 
described in the independent claims. 

Drawings \ 

The present invention wwl be explained in greater detail below with the aid of exemplary 
embodiments with reference to the associated drawings, in which: 
Figure 1 shows a secrlon through the head of a probe; 

Figure 2 shows an equivalent circuit diagram of a joint supply conductor of a Nernst 
electrode and aA inner pump electrode of the probe; and 

Figure 3 shows various different embodiments for influencing the resistances of the 
joint supply conductor according to Figure 2. 

Description of the Exemplary Embodiments 

Figure 1 shows a section through a measuring head of a probe 10. Probe 10 is designed as a 
planar broadband probe and includes a plurality of individual layers which are arranged one 
above the other and may, for example, be structured via film casting, punching, screen 
printing, lamination, cutting, vitrification or other processes. The processes used to achieve 
layer structure will not be discussed in greater detail in the context of the present description, 
as this is known. 

Probe 1 0 is used to determine an oxygen concentration in the exhaust gas of internal 
combustion engines, so as to generate a control signal for setting a fuel/air mixture used to 
operate the internal combustion engine. Probe 10 has a Nemst measuring cell 12 and a pump 
cell 14. Nernst measuring cell 12 has a first electrode 16 (Nernst electrode) and a second 
electrode 18 (reference electrode), between which a solid electrolyte 20 is arranged. Electrode 
16 is exposed to exhaust gas 24 to be measured via a diffusion barrier 22. Probe 10 has a 
measuring opening 26 to which exhaust gas 24 can be supplied. Diffusion barrier 22 extends 
at the base of measuring opening 26, a hollow space 28 being formed within which electrode 
16 is arranged. Electrode 18 of Nernst measuring cell 12 is arranged in a reference air channel 
30 and exposed to a reference gas, e.g., air, present in reference air channel 30. Solid 
electrolyte 20 is made of, for example, yttrium-oxide-stabilized zirconium oxide, while 
electrodes 1 6 and 1 8 are made of, for example, platinum. 
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Probe 10 is connected to a circuit arrangement 32 (only indicated here) which evaluates the 
signals of probe 10 and controls the probe. Electrodes 16 and 18 are connected to inputs 34 
and 36, respectively, of circuit arrangement 32, to which detection voltage U D of Nernst 
measuring cell 12 is applied. 

Pump cell 14 includes a first electrode 38 (inner pump electrode) and a second electrode 40 
(outer pump electrode) between which a solid electrolyte 42 is arranged. Solid electrolyte 42 
is in turn made of, for example, a yttrium-oxide-stabilized zirconium oxide, while electrodes 
38 and 40 may in turn be made of platinum. Electrode 38 is also arranged in hollow space 28 
and is thus also exposed to exhaust gas 24 via diffusion barrier 22. Electrode 40 is covered by 
a protective layer 44, which is porous, so that electrode 40 is directly exposed to exhaust gas 
24. Electrode 40 is connected to an input 46 of circuit arrangement 32, while electrode 38 is 
connected to electrode 16 and, along with it, is connected jointly to input 34 of circuit 
arrangement 32. This joint supply conductor of electrodes 16 and 38 connected to circuit 
arrangement 32 will be discussed in greater detail below with reference to Figures 2 and 3. 

Probe 10 also includes a heating device 49 which is formed by a meandering heating element 
and to which a heating voltage U H can be applied. 

Probe 10 functions as follows: 

Exhaust gas 24 enters hollow space 28 via measuring opening 26 and diffusion barrier 22 and 
is thus present at electrode 16 of Nernst measuring cell 12 and electrode 38 of pump cell 14. 
A difference in the oxygen concentration at electrode 16 and that at electrode 1 8, which is 
exposed to the reference gas, arises based on the oxygen concentration in the exhaust gas to 
be measured. Electrode 16 is connected to a current source of circuit arrangement 32, which 
supplies a constant current, via terminal 34. A specific detection voltage U D (Nernst voltage) 
arises based on a difference between the oxygen concentration present at electrode 16 and 
that at electrode 18. Here, Nernst measuring cell 12 functions as a lambda sensor that detects 
whether a high oxygen concentration or a low oxygen concentration is present in exhaust gas 
24. It is clear from the oxygen concentration whether the fuel/air mixture used to operate the 
internal combustion engine is a rich or a lean mixture. If there is a change-over from the rich 
range to the lean range or vice versa, detection voltage U D drops or increases, respectively. 
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With stoichiometric operation, i.e., with a lambda value = 1, detection voltage U D has a jump 
point that marks the transition from a lean range to a rich range or vice versa, respectively. 

With the help of circuit arrangement 32, detection voltage U D is used to determine pump 
voltage U P9 which is applied to pump cell 14 between its electrodes 38 and 40, respectively. 
Pump voltage U P is negative or positive based on whether detection voltage U D signals that 
the fuel/air mixture is in the rich or lean range, so that electrode 40 is connected either as a 
cathode or as an anode. Accordingly, a pump current I P is established and can be measured 
via a measuring device of circuit arrangement 32. With the help of pump current I P , oxygen 
ions are pumped from electrode 40 to electrode 38 or vice versa. Measured pump current I P is 
used to control a device for setting the fuel/air mixture used to operate the internal 
combustion engine. 

^The detection voltage circuit (Nernst voltage circuit) and the pump voltage circuit are coupled 
to circuit arrangement 32 via the joint supply conductor of electrodes 16 and 38, respectively. 
In Figure 2, an equivalent circuit diagram illustrating how electrodes 16 and 38 are connected 
to circuit arrangement 32 is shown. It is clear from the equivalent circuit diagram that 
electrode-38is initially connected to a contact point 52 via a printed conductor section 50. 
Electrode 16 is also connected to contact point 52 via a printed conductor section 54. A 
printed conductor section 56 connects contact point 52 to input 34 of circuit arrangement 32. 
Contact point 52 is arranged inside pro be 10 and is located at a geometric distance a from 
electrodes 16 and 38, respectively, indicated here. A geometric distance b for joint supply 
conductor section 56 of electrodes 16 and 38 results, corresponding to section a. 



Conductor section 50 has an internal resistor Rl, conductor section 54 has an internal resistor 
R2, and conductor section 54 has an internal resistor R3 Resistors Rl, Rl, and R3 form a 
loaded voltage divider, the constant current applied to Nernst measuring cell 12 flowing via 
conductor sections 54 and 56, while pump current I P flows via conductor sections 50 and 56. 

Figure 3^shows a first embodiment variant for arranging the loaded voltage divider formed by 
resistors Rl, R2, and R3. An additional resistor R4 is connected between terminal 34 and 
circuit arrangement 32 (Figure 1). This effectively increases the resistance value of joint 
supply conductor section 56 of electrodes 16 and 38, the resistance being the sum of 
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resistances R3 and R4. Thanks to this greater resistance R3 + R4, the Nernst voltage increases 
given the constant current applied to Nernst measuring cell 12 via circuit arrangement 32. 

According to the embodiment variant shown in Figure 3b, contact point 52 is moved 
geometrically closer to electrodes 16 and 38, so that the length of joint supply conductor 
section 56, i.e., distance b' between contact point 52 and terminal 34, is increased. As a 
result, the resistance value of resistor R3 is increased relative to the initial embodiment shown 
in Figure 2. In particular, this causes supply conductor resistor R3 to have a positive 
temperature coefficient. 

According to a further embodiment variant (not shown), joint supply conductor section 56 
between contact point 52 and terminal 34 may have a smaller cross section than that of 
sections 50 and 54, respectively, so that as a result the resistance value of resistor R3 
increases. 
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